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ABSTRACT

The paper presents the ITALSAT overall program including description of the two satellite system,

the Ka band communication system architecture and services, the L band payload for mobile users
and the propagation experiment at 40 and 50 GHz. An overview of the four.years of F1 operational.
utilization is also included.

INTRODUCTION .

ITALSAT is the Italian domestic communication satellite system designed to provide digital
capacity over Italy. The system will became, fully operational when its second flight unit is
launched.

The first spacecraR(FI)was successfullylaunchedinJanuary'9I.Itsprimaryobjectivewas orbital

evaluationof advancedtechnologiesand architecturesuitablefora domesticdigitalcommunication

systemand toutilizethespacecraftforoperationalcommunicationwithinItaly'stelecommunication

network.The ITALSAT digitalcommunicationsystemforfixedservicesisbased on an innovative

RegenerativeMulfibeam payloadand on a more conventionalTransparentpayload.Both operateat

Ka band (20/30GHz frequencies).FI has,also,a propagationpackage on-boardwhich allows

experimentsat20 GHz (mainlyforcorrelationwiththeexistingdata)and at40 and 50 GHz which are

thenextfrequencybandsstilltobe exploredforfuturecommunicationssystems.

The second flight unit (F2) has the same on-board Regenerative Multibeam and Transparent 20/30

GHz payloads as FI. In addition, in place of the propagation package, F2 has an L band.mobile.

communication payload, developed by European Space Agency.

I.OVERALLPROGRAM

The program is part of the Italian Space Plan and is managed by the Italian Space Agency (ASI).
Main elements of the program are:

• the development and fabrication of: two satellites,

• related ground control facilities ('rT&c and Satellite Control Center),

• MuRibeam network control center and traffic terminals (only development),

• launch of both flight units,

• in-orbit experimentation and validation of the Multibeam Ka band communication system.

FI arrived at its final geostationary location (13.2 East) on the 6 th of February "91. It was then
transferred from the European Space Operation Center to the Fucino Italsat Control Center for the
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commissioning and experimentation phases. These were successfully concluded by the end of '92.

Since early 1993 the Multibeam payload is operating in full integration with the public telephone

network while the zranspareni payload mainly supports VSAT networks,

The second flight unit, which is now concluding the system tests, will be launched in the second
quarter of '96. Its initial orbital position will be at 10.2 ° F.a_. I:'2 will be commissioned in this orbital

position and will start its operative service with the L band mobile service payload while the

Multibeam payload will be the in-orbit spare for FI. When F1 reaches the end of its operational life,

which is expected by the end of '97, F2 will be moved to 1.3.2° East to take over the Muhibeam
payload operations.

The Multibeam and Global beam ground networks have been deployed and are operated by

TELECOM ITALIA which is, also, economically contributing to the launch of F2 and to the in-orbit
operation of F1 and F2.

The F I satellite configuration, and dimensions.are.reported in the following schematic:
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2. FI and F2 Ka BAND COMMUNICATION SYSTEM

The ITALSAT flight units F1 and }'2 have on-board two communication payloads at 20/30 GHz (Ka

band). Both payloads provide coverage of the Italian territoD'. One by means of "_ixspot beams, so it

is called Multibeam payload (Iv[B). The second by means of an elliptical shaped coverage, so it is

called Global beam payload (GB).

Multibeam System.

L

,4

The Multibeam communication system was specifically designed to be integrated with the public

telephone network exchanges. The MB capacity is provided in either semi-permanent and/or on-

demand modes. CapaciD' provided in the semi-permanent mode can be changed as needed within a

few minutes. This mode is defined as "Tra_c Rearrangement". Capacity provided on demand is

assigned in real time (DA). The Multibeam system provides the following services:

Voice at 32 kbit/s with ADPCM (which is compatible with data up to 9.6 kbit/s). The service can

be either on demand or in a semi-permanent mode (the DSI technique may be added if required).

Data at 64 kbit/s (semi-permanent mode).

Videoconference up to 2 Mbit/s (semi-permanent mode).

Digital "IV up to 70 MbirYs(semi-permanent mode.).

The Multibeam payload has a total capacity of 882 Mbit/s and uses the following techniques:

1. Multibeam antennas with automatic RF pointing control (within 0.03°).

2. Onboard coherent QPSK demodulation.

3. Baseband switching using ECL gate array technology.

The MB system is a BB-SS-TDMA type in uplink (Baseband-Satellite-Switched-Time Division

Multiple Access) and TDM in down link. The maximum capacity of the 1VIBsystem is 12,000 32-

kbit/s circuits. The DSI (Digital Speech Interpolation) technique can increase this capacity (by a
factor of up to 2).

The MB system was conceived to perform different levels of network functions. These. functions, in

addition to the transmission and traffic rearrangement, arc:

Concentration at earth terminal. When different exchanges, with small traffic bundles, are gathered
in the same terminal.

Variable Origin and Variable Destination (VO/VD). When preassigned spot to spot satellite
channels are used by terminals belonging to one spot to set up, on demand, links with terminals

belonging to any other spots.

o

Coverage of Italy is provided by means of six spol beams. Each spot is served on-board by a

redundant regenerative repeater. Each repeater receives one up link carrier (30 GHz) and transmits

one down link carrier (20 GHz). The carriers are QFSK modulated at 147.456 Mbit/s. The spot to spot

co,mectivity is provided by a synchronous baseband switch matrix. Earth stations belonging to the
same spot (up to a maximum of 16) transrnit TDMA bursts within 32 msec frame.

The datasteams thatarcreceivedfrom thesixspots,are coherentlydemodulatedand synchronously

regenerated.The basebandswitchmatrixestablishesthe spottospotconnectionsaccordingto a

designatedtimeplantoformthesixsynchronousdown link_s. The down linkframe,of 32 ms

has the same burstmodularityas the up link.Digitalsignalsarc then directlymodulated and

rm_nsmitt_ using20 W TWTAs. The on boardswitchmatrixiscontrolledby atime-planwhich is
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changedthrougha dedicatedservicechannelu'ansmittcdby theNetwork Control.Centerinitsup link
frame.

The up and down linkframesaredividedinto3072 Frame Units(FU).The FUs aregroupedintofour

differentkindsof burstsnamely:singleChannel,fourcharmel,videoconferencechanneland TV

channelbursts.The fin sixFUs of bothup linkand down iinkframesare usedon the up linkto

transmitthe.timeplantotheon boardswitchmatrixand on thedown linktobroadcastthereference

burstneededfor.the SatelliteNetwork synchronization.While thetimeNan ispresentonly inthe

frame coming-upfrom thecontrolcenter,thereferenceburstisgeneratedonboardand broadcastin

down linkto the sixspots.The remaining.partof the frame isthendividedto satisfythe specific
servicerequirements:

• thefirstpartoftheframeisusedforpoint-to-pointservicesofferedinsemi-permanent'mode;

• the secondpartisused forpointto multipointservicessuch as video conferencesand bearer

service;

• the third part is used for point to point services offered in demand assignment;

• the last part of the frame is used for network overhead,and telephone signaling channels.

As indicatedabove,thedurationofeachservicecan be adjustedtosatisfythespecificdernands,for

example,thedu.rationreservedforDemand assi.gr_nents,can,beupto40% oftheframeduration.

Multibeam coverage areas are shown below.

MULTIBEAM PAYLOAD COVERAGE AREAS
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Global Beam payload.

The Globalbeam payloadiscomposed of threetransparenttransponders.Each m_nsponder has 36

MHz bandwidthand a 20 Watt RF TWTA. The payloadallowsanalogand/ordigitaltransmissions

withcustomerpremiseterminalswithantennadiametersrangingfrom 1.2to 1.8m and transn:irEed

power from 5 to25 Watts,dependingon thespecificapplication.The serviceareaiscenteredover

Italy,butitsenlargedfoo_rim alsoservespartofcenlzaland easternEurope.

3,F1 PROPAGATION EXPERIMENT

The FI radio-propagation package extends into the EHF band Italian. propagation research which
start_ with domestic SIRIO satellite in the 70's and continued with ESA's OTS and OLYMPUS

satellites. ITALSAT's propagation research is the most advanced currently under way for the high
frequencies explored. FI has two beacons on-board at 40 and 50 GHz generated by two redundant

beacon transmitters and one beacon at 20 GHz transmitted through the Glc_bal beam payload.

Figure shows foorprin_ of 40/50 GHz ITALSAT propagation experiment.
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Key features of the 40 and 50 GHz experiment are;

full coherence of all transmitted signals;

phase modulation of 40 GHz signal, so as to derive 2 sidebands for the transfer channel amplitude

and phase distortion measurements;

fast commutated linear orthogonal polarization at S0 GHz for complete assessment of the transfer

channel polarization matrix;
wide coverage (most of Europe).

The data acquisition, editing and processing activity, is currently in progress. Preliminary results

have been partially published. Data on attenuation, depolarization "and signal scintillation are

available and studies concerning the physical and statistical nature of the depolarization by rain

and ice have been conducted. Similarly the phenomenon of signal scintillation due to atmospheric

turbulence and clouds has been investigated. Preliminary model-oriented conclusions to be
employed in the low.margin telecommunication systems design have been proposed to the

scientific community..

4. F2 L BAND PAYLOAD

The payload,calledEMS, isdesignedtoprovideserviceformobileusersin Europeanregion,North

Africaand Turkey.PayloadisoperatinginL band forlinks(upand down) betweenmobileusersand

satellite and in Ku band for links (up and down) between fixed stations andthe satellite.

EMS payload transmits and receives L band signals through the two Multibeam antennas. One

antenna receives the otheru'ansmits, while the Ku band signals are received and transmitted via a

dedicated antenna mounted on the satellite top floor. EMS forward link (from ground station to

mobile) and the return link (from mobile to ground station) are processed in the IF-processor which is
performing channellization, filtering and amplification of the signals. The IF processor is divided in

two sections: the forward section with three channels of 4HHz each (each 4MHz channel is'

separately amplified). The return section with three channels of 4 MHz, each subdivided in 4 channels

of 1 MHz independently amplified. Two beam forming matrixes arc feeding the received L band

signals to LNAs and the wansmitted L band signals to L band SSPAs. Each of the four redundant

LSPAs generates 20 Watt RF. The total radiated power, after combination of the four LSPAs outputs,
is 42 dBW which supports up to 300 bi-directional communication channels with mobile terminals

using CDMA modulation scheme.

5. PLATFORM

The.satellite platform provides the required services (power, attitude control, propulsion, telemetry

and telecommand etc.)to thepayloads.The platformisthreeaxesstabilizedbothintransferand

geostationaryorbit.Itsoveralldimensionswere definedfor dualcompatibilitywith Shutt}eand

Ariane.Equipment layoutwas selectedin orderto optimize:thermalcontrol,radio-frequency

interferenceand unitsintegration.The Multibcampayloadismounted on theNorth panelwhilethe

Globaland propagationpayloadsare installedon the South panel,so thateach payload can be

independentlyintegratedand testedatpanellevel.The coreof theplatformisthe centralcylinder

which housesthetwo ellipsoida]shapedpropellanttanks..

The propulsion subsystem is composed by 8 redundant 22 N reaction thrusters and a 400 N liquid

apogee motor, both using the same tankage and propellant: Mono-methyl Hydrazine and Nitrogen
Tetroxide (Unified Propulsion Subsystem),
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The attitude and orbit control subsystem uses a central microprocessor unit (CLE) which exchanges.

data and commands with the peripheral units (sensor and actuators) through a serial bus (MACS bus).

The CLE processes all data from the sensors and sends the required commands .to actuators. The

attitude control is performed by reaction thrusters and a pitch bias momentum wheel. The attitude

sensing is based on infra-red earth sensors, sun sensors (analog and digital), and a .gyro package.

The commands and telemeu'):subsystemwas designedaccordingto ESA standards.Data are

disuibutedby theOBDH bus,which connectsthecenwalunittotheremoteunitsofthepayloadand

platform.Some commands (onlythecriticalones)aredirectlyaccessed,by-passingtheOBDH bus.

The electricalarchitectureisbasedupon a singlepower supplybus stabilizedat42.5V insunlight

and 29 V ineclipse.The electricalpower isgenerated,insunlight,by two solararraywings.Each

wing ismade up of fourpanels.Duringtransferorbitthe deployedoutboardpanelof each wing

providespower.Duringeclipsesand apogeemotor firingthepower isprovidedby two 30 Ah nickel-

hydrogenbatteries.

The FI communication antenna subsystem includes two deployable (for Multibeam payload)and

three fixed antennas (one for the Global payload and two for propagation payload) as well as the

telemeu'y and telecommand omni-directional antenna. The fixed antennas are installed on the upper

panel together with the telemetry and telecommand antenna. Each Multibeam antenna has the
reflector stowed during the launch. The reflector deployment is performed, in orbit, by using a pyre-

release device and a deployment mechanism. The Multibeam mission requires a pointing accuracy of

0.03degreeswhich isachievedprocessingan RF sensingsignaland commanding a mechanism to

move thereflector(inazimuthand elevation)withrespecttothesatellitebody.

The platform of the second flight unit has been upgraded in selected areas. The main changes are
relevant to the power, propulsion and thermal control .subsystems. The power subsystem is equipped

with a new solar arrays and new batteries with increased power capability in order to supplythe EMS

payload. Two additional small propellant tanks (20 liters each) in series with the two main tanks (417
liters each) have been added to enhance the capability of the propulsion subsystem to support the

spacecraft increased mass and orbital life. Active thermal control elements (heat pipes) were added on

the South panel to support the substantially higher thermal dissipation of the EMS payload. The F2
MB antennas utilize a new antenna integrated deployment and pointing mechanism which has been

recently developed and qualified. This new mechanism has seduced mass with respect to the previous
one used on F1.

F1 and F2 platform characteristics are compared in table 1.

6. IN ORBIT EXPERIENCE

F1 operationallifestartedinOctober'91atconclusionof thecommissioningphasewhich lastedfor7

_ months. The purpose of ITALSAT F1 .commissioning was to test extensively the performance of the
-- Multibeam payload which, due to its innovative concept, took a rather long time.
•_ A subsequent experimentation phase started with the purpose of operating the Multibearn system in

,_'_... an %pcrative like" environment. A network of six stations(one in each spot) and a Network Control

_,_., Cammr wetc used to connect the public telephone network through the satellite to obtain qualitative
:_,_t,Z and quantitative verification of its performance. This phase ended in late '92. Several software bugs

_: and hardware anomalies were detected and solved within the _ffound network during the
'_._,: experimentation phase making the Multibeam communication system ready for operational traffic.

Olhcr l_pcrs will present the experiences made and the. lessons learned with the preoperational

8tilization of this system which began in early '93. It is important to note that both communication
..
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payloads (Multil_am and Global beam), have also been used also to experiment with nc_
communication services such as:

- support to the public mobile cellulartelephone network (PMT) in case of RF link con.ne._,*io_,

mad= witha transportableterminalconnectin_ viasatellitethe Mobile Radio Base with itsMobik.

switching Center.

- Interactivemultimedia applicationstonavigateand get picturesand datafrom a remote data base.

- Severaltelescienccand tclemedicineexperiments were successfullyperformed connectin_ remote.

controlrooms with the data sourcesallowing the remote controlof the scientific.experimentor

medical diagnosis.

CONCLUSION

In conclusionthe ITALSAT Ka band telecommunication system has been successfullyintegratedinto

the Italiantelecommunication networks.

Fl has been operating successfully,since January '91.We look forward to ITALSAT F2 launch in

mid 1996.
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